Experimental Procedures Crystallisation conditions
For crystallisation, all proteins were concentrated in a buffer containing 300mM NaCl, 50mM
Tris-HCl pH 7.0, 0.5mM TCEP and mixed 1:1 with well buffer in sitting drops at 18° C as below. 
Gel mobility shift assay and binding buffers
Optimised binding buffers were as follows:
FAN1 orthologues -50 mM Tris-HCl (pH 8.0), 30 mM NaCl, 1 mM DTT, 0.1 mg/ml BSA; for psNUC -20 mM Tris-HCl (pH 7.5), 50 mM NaCl, 1 mM DTT, 0.1 mg/ml BSA stNUC -20 mM Tris-HCl (pH 8.0), 50 mM NaCl, 1 mM DTT, 0.1 mg/ml BSA saNUC -20 mM Tris-HCl (pH 8.0), 100 mM NaCl, 1 mM DTT, 0.1 mg/ml BSA.
Binding assays were performed with 1 nM substrate and the protein concentration was varied from 62.5 pM to 256 nM in 4-fold increments for psNUC and from 78.1 nM to 10 µM in 2-fold increments for stNUC.
Activity assay buffers and conditions
FAN1 orthologues (100 nM) were assayed with 10 nM substrate and 1 mM MnCl 2 at 30°C, psNUC (50 nM) with 5 nM substrate and 10 mM MgCl 2 at 25°C and stNUC and saNUC (5 µM) with 5 nM substrate and 10 mM MgCl 2 at 37°C.
psNUC/T7 endonuclease I competition assay
Increasing amounts of the T7 endonuclease I D55A mutant were incubated with an h strand end labelled fixed HJ in binding buffer at 25°C for 5 min before adding 50 nM psNUC and assaying its activity as described in the main text.
Ligation of psNUC reaction products
The ligation experiment was performed using a version of Jbm5 with one arm extended by 10 bp (Jbm-lig). Oligonucleotide sequences were as follows: Wavelength ( 
